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http://dx.doi.org/10.1016/j.jmu.2012Prenatal diagnosis of cystic hygroma (CH) is very important to clinical management in fetal medi-
cine. To date, ultrasound is the best tool for prenatal diagnosis. With recent advances in tech-
nology, three-dimensional ultrasound (3D US) contributes substantially to the prenatal diagnosis
of CH. In this series, we reported our work of detecting fetal CH by 3D US from July 2000 to
December 2011.We reviewedour computer database of prenatal diagnosis of CH inNational Cheng
KungUniversity Hospital. All the fetuseswere initially scannedby two-dimensional US to locate the
region-of-interest. The 3Dprobewas used to scan all the regions of interest systematically andme-
chanically, and all the imageswere stored on laser discs for further 3Dvisualizationand reconstruc-
tion. In total, 85 cases of fetal CHwerediagnosed in utero. The range of gestational age at prenatal
diagnosis by 3D US was between 9 and 27 weeks (mean: 14.1 weeks), and 55 cases were diagnosed
before 14weeks (65%). Only three caseswerediagnosed after 21weeks (4%). In 20 fetuseswith kar-
yotping, 11 (55%) had chromosomal abnormalities. In 11 fetuses with aneuploidy, eight (73%) had
Turner syndrome (45, X). Forty-three cases (51%) of CH were complicated with hydrops fetalis,
and 20 (24%) were complicated with other additional structural abnormalities. In conclusion, 3D
UScanaddnovel visual depiction of a 3D lesionofCHafter reconstruction, and is helpful in prenatal
diagnosis and genetic consultation of CH. Furthermore, the trend analysis in this series showed
significantly earlier gestational age at prenatal diagnosis of CH than a decade ago.
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156 H.-F. Tsai et al.Introduction modes were depicted, including surface-rendering, trans-
parent and maximal intensity modes.Fetal cystic hygroma (CH) is a congenital malformation of
the lymphatic system, in which obstruction between the
lymphatic and venous pathways in the fetal neck leads to
lymph accumulation in the jugular lymphatic sacs of the
nuchal region [1,2]. Therefore, fetal CH is detected within
the soft tissues of the neck and can be characterized by
single or multiple congenital cysts [3]. Prenatal diagnosis of
CH is important to clinical management. Fetuses with CH
can present with chromosomal abnormalities with or
without structural abnormalities, and most of the preg-
nancy outcomes are unfavorable [4].
To date, three-dimensional ultrasound (3D US) has been
applied in many fields, including obstetrics and gynecology.
With recent advancements in 3D US, multiplanar orthogonal
views, as well as reconstruction of surface-rendering modes
have become feasible [6e27]. In addition, 3D US can
precisely assess fetal organ volumes [8e14], diagnose
congenital anomalies [14e17], and predict fetal weight
[18e27] in utero. In 2002, we reported our first series of
prenatal diagnosis of CH [28], in which we reviewed 23
cases with fetal CH diagnosed by 3D US from May 1995 to
June 2000 [28]. In order to compare the trends and
improvements of prenatal diagnosis of CH, we retrospec-
tively reviewed our computer database of fetal CH depicted
by 3D US from July 2000 to December 2011.
Materials and methods
Patients and setting
From July 2000 to December 2011, the records of patients
with fetal CH diagnosed by 3D US were reviewed. In
general, the patients were referred from local practitioners
or from the Antenatal Care Clinic of National Cheng Kung
University Hospital. The setting was at the Prenatal Ultra-
sound Laboratory of the Department of Obstetrics and
Gynecology, National Cheng Kung University Hospital,
which is the largest national tertiary medical center in
Southern Taiwan. All the fetuses were followed to the end
of pregnancy to confirm the diagnosis of CH. Informed
consent was given by the parents. The study was approved
by the Institutional Review Board, National Cheng Kung
University Hospital (IRB, ER-99-011).
Equipment
We used conventional 3D US scanners for prenatal screening
(Voluson 530D; Kretz, Zipf, Austria, Voluson 730; GE, Mil-
waukee, WI, USA, and Accuvix V20; Medison, Seoul, Korea).
The details of 3D US scanning have been described previ-
ously [28]. In brief, the fetus with CH was initially scanned
by two-dimensional (2D) US to locate the region of interest.
Then, the 3D probe was used to scan all the regions of
interest systematically and mechanically and all the images
were stored on laser discs for further 3D visualization and
reconstruction. Subsequently, the 3D images were demon-
strated on the screen. First, the multiplanar orthogonal
view was illustrated. Second, reconstructions of variousStatistics
In order to compare the gestational age at prenatal diag-
nosis of CH between this series and a previous study [28],
a c2 test was undertaken. A p value <0.05 was considered
as significant.Results
Between July 2000 and December 2011, a total of 85
fetuses with CH were depicted by 3D US in utero (Tables 1
and 2). Table 1 shows the cases diagnosed at first trimester
and Table 2 those diagnosed at second trimester. The range
of gestational age at prenatal diagnosis of CH by 3D US was
9e27 weeks (mean: 14.1 weeks). Notably, 55 cases were
diagnosed before 14 weeks (65%) and only three were
diagnosed after 21 weeks (4%).
In 20 fetuses with karyotping, 11 (55%) had chromosomal
abnormalities. In 11 fetuses with aneuploidy, eight (73%)
had Turner syndrome (45, X). Moreover, 43 cases (51%) of
CH were complicated with hydrops fetalis.
Twenty cases (24%) were complicated with other addi-
tional structural abnormalities. As listed in Table 1, asso-
ciated anomalies with CH at first trimester were as follows:
ventricular septal defect (VSD), endocardial cushion
defect, echogenic bowels (2 cases), omphalocele, club foot
(2 cases), choroid plexus cyst, megacystis and conjoint twin
with thoraco-omphalopagus. In addition, as summarized in
Table 2, associated anomalies with CH at second trimester
were as follows: VSD, cardiomegaly (2 cases), congenital
heart disease, holoprosencephaly, ventriculomegaly (3
cases), lower limbs anomaly, single umbilical artery (2
cases), echogenic bowels (5 cases), echogenic intracardiac
focus (2 cases), club foot (2 cases), choroid plexus cyst,
neural tube defect, DandyeWalker syndrome, rocker-
bottom feet and spine deformity.
The accuracy of prenatal diagnosis of CH by both 2D and
3D US was 100%, but 3D US provided additional illustrations
after various modes of reconstruction. For example, 3D US
images revealed three orthogonal planes, including
coronal, sagittal and axial views, for fetuses with CH,
which allowed the parents to have a better understanding
of the fetal malformation, especially the images of surface
rendering mode. Besides, the additional illustrations in 3D
US reduced the discrepancy in decision making and
prenatal consultation between patients and obstetricians
(Figs. 1e3).
As listed in Table 3 [28], the trend analysis showed the
gestational age at prenatal diagnosis of CH in this series was
significantly earlier than that in our previous series
a decade ago (p < 0.001) [28]. The mean gestational age at
prenatal diagnosis in the present series was 14.1 weeks,
whereas the mean gestational age was 16.9 weeks in our
previous study [28]. Notably, 65% of CH cases were diag-
nosed at first trimester in the present series, whereas 13%
of cases were diagnosed at first trimester in our previous
series [28].
Table 1 Prenatal diagnosis of CH by 3D US at first trimester.
Case no. Maternal age (y) GA (wk) US diagnosis Outcome Karyotype Associated conditions
1 28 9 CH TOP ND NA
2 25 10 CH TOP outside 46, XX NA
3 27 10 CH TOP outside ND NA
4 41 10 CH TOP outside 46, XY NA
5 27 10 CH TOP outside ND Hydrops
6 32 10 CH TOP outside ND Hydrops
7 31 10 CH TOP outside ND Hydrops, VSD
8 31 11 CH TOP 46, XX Nil
9 31 11 CH TOP outside ND NA
10 29 11 CH TOP outside ND Hydrops
11 32 11 CH TOP outside ND Hydrops
12 32 11 CH TOP outside ND NA
13 43 11 CH TOP outside ND Hydrops
14 33 11 CH TOP ND Hydrops
15 28 11 CH TOP ND Hydrops
16 19 11 CH TOP outside 46, XX NA
17 38 11 CH TOP outside ND Hydrops
18 31 12 CH TOP outside ND Hydrops
19 30 12 CH TOP 45, X Hydrops
20 33 12 CH TOP outside ND NA
21 27 12 CH TOP outside ND Hydrops
22 26 12 CH TOP outside ND NA
23 33 12 CH TOP outside ND Hydrops
24 28 12 CH TOP outside ND NA
25 26 12 CH TOP outside ND Hydrops
26 33 12 CH TOP outside ND Hydrops
27 28 12 CH TOP ND Nil
28 25 12 CH TOP outside ND Hydrops
Conjoint twina
29 30 13 CH TOP ND ECD
30 30 13 CH TOP outside 46, XY NA
31 24 13 CH TOP 46, XY Nil
32 24 13 CH TOP outside ND NA
33 27 13 CH TOP outside 46, XX Hydrops
34 30 13 CH TOP outside ND Hydrops
35 33 13 CH TOP 45, X Nil
36 29 13 CH TOP outside ND NA
37 30 13 CH TOP outside ND NA
38 23 13 CH TOP outside ND NA
39 36 13 CH TOP outside ND NA
40 36 13 CH TOP outside ND NA
41 25 13 CH TOP outside ND Hydrops
42 35 13 CH TOP outside ND Hydrops
43 26 13 CH TOP outside ND NA
44 26 13 CH TOP outside ND Hydrops
45 22 13 CH TOP outside 45, X Hydrops
46 32 14 CH TOP outside ND EB
47 35 14 CH TOP 47, XX,þ18 Hydrops
Omphalocele
Club foot
48 38 14 CH TOP ND Nil
49 25 14 CH TOP outside ND NA
50 30 14 CH TOP ND Hydrops
CPC
EB
51 40 14 CH TOP ND Club foot
52 37 14 CH TOP outside ND Hydrops
(continued on next page)
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Table 1 (continued )
Case no. Maternal age (y) GA (wk) US diagnosis Outcome Karyotype Associated conditions
53 26 14 CH TOP outside ND Hydrops
54 29 14 CH TOP outside ND NA
55 36 14 CH TOP ND Hydrops
Megacystis
IUFD
3-D USZ three-dimensional ultrasound; CHZ cystic hygroma; CPCZ choroid plexus cyst; EBZ echogenic bowel; ECDZ endocardial
cushion defect; GA Z gestational age; IUFD Z intrauterine fetal demise; ND Z not done; NA Z not available; GA Z gestational age;
TOP Z termination of pregnancy; VSD Z ventricular septal defect.
a Thoraco-omphalopagus.
Table 2 Prenatal diagnosis of CH by 3D US at second trimester.
Case no. Maternal age (y) GA (wk) US diagnosis Outcome Karyotype Associated conditions
1 28 15 CH TOP outside 45, X Hydrops
2 36 15 CH TOP outside ND Hydrops
3 27 15 CH TOP outside ND Holoprosencephaly
Lower limbs anomaly
4 30 15 CH TOP outside ND NA
5 35 15 CH TOP 45, X Hydrops
6 31 15 CH TOP outside ND Hydrops
7 36 15 CH TOP outside ND Hydrops
8 32 15 CH TOP 45, X Hydrops
9 26 15 CH TOP outside ND VSD
SUA
10 29 15 CH TOP 46, XY Left EIF
EB
11 35 16 CH TOP outside ND Hydrops
12 23 16 CH TOP outside ND Hydrops
Club foot
13 38 16 CH TOP outside ND Hydrops
EB
14 33 16 CH TOP outside ND Left EIF
EB
15 30 16 CH TOP 47, XX þ i(12)p Hydrops
16 33 17 CH TOP outside ND Club foot
EB
CPC
17 30 17 CH TOP outside ND Hydrops
18 29 17 CH TOP ND Hydrops
Cardiomegaly
EB
19 34 17 CH TOP outside ND NA
20 32 17 CH TOP outside ND Hydrops
Ventriculomegaly
21 24 18 CH TOP 45, X Hydrops
22 35 18 CH TOP ND Hydrops
23 39 19 CH TOP outside ND IUFD
24 31 20 CH TOP outside ND SGA
Oligohydramnios
NTD
25 45 20 CH TOP outside ND NA
26 20 21 CH TOP outside ND Hydrops
27 28 21 CH TOP outside ND DWS
CHD
28 32 22 CH TOP outside 46, XX NA
(continued on next page)
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Table 2 (continued )
Case no. Maternal age (y) GA (wk) US diagnosis Outcome Karyotype Associated conditions
29 33 24 CH TOP outside 45, X Ventriculomegaly
30 33 27 CH TOP outside 46, XX, der(12)
t(6,12)
Polyhydramnios
Cardiomegaly
Ventriculomegaly
SUA
Rocker-bottom feet
Spine deformity
3D US Z three-dimensional ultrasound; CH Z cystic hygroma; CHD Z congenital heart disease; DWS Z DandyeWalker syndrome;
EBZ echogenic bowel; EIFZ echogenic intracardiac focus; GAZ gestational age; NAZ not available; NDZ not done; NTDZ neural
tube defect; SUA Z single umbilical artery; TOP Z termination of pregnancy.
Fig. 1 Prenatal two-dimensional ultrasound of cystic
hygroma at 14 weeks of gestation.
Fig. 2 Prenatal three-dimensional ultrasound (multiplanar ortho
case as Fig. 1).
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With the development of clinical use and improvement of
reconstruction technology in 3D US over the past decade,
we investigated if there were any differences in timing and
accuracy of diagnosis of fetal CH by 3D US over that period.
Therefore, we compared the cases of CH in the present
series with our previous study in 1995e2000 (Table 3). We
confirmed that the gestational age at prenatal diagnosis of
CH in the present series was significantly earlier than that
in our previous series 10 years ago (p < 0.001). The
phenomenon of earlier diagnosis of CH may be due to at
least three factors: (1) improvement of 3D US machines
[8e25]; (2) improved technique and elevated awareness of
physicians; and (3) prenatal measurement of fetal nuchal
translucency at first trimester [5]. As mentioned in our
previous report in 2002 [28], 3D US has the advantage of
adding novel views of the fetus after reconstruction, andgonal view) of cystic hygroma at 14 weeks of gestation (same
Table 3 Comparison of gestational age at diagnosis of
fetal cystic hygroma by three-dimensional ultrasound.
Mean
maternal
age (y)
First
trimester
(14 wk)*
Second
trimester
(15e28 wk)*
Total
cases
Kang
et al. [28]
28.5 3 (13%) 20 (87%) 23 (100%)
This series 30.7 55 (65%) 30 (35%) 85 (100%)
*P < 0.001 by c2 test.
Fig. 3 Prenatal three-dimensional ultrasound (surface
render mode) of cystic hygroma at 14 weeks of gestation (same
case as Fig. 1).
160 H.-F. Tsai et al.therefore assists substantially in prenatal consultation and
genetic screening. Besides, 3-D US is also helpful in diag-
nosis of fetal malformation and dysmorphology, and has an
important impact on fetal outcome and delivery manage-
ment [8e25]. Here, we further validated the clinical use of
3D US in prenatal diagnosis of CH.
In our previous study, only five cases (22%) had advanced
maternal age [28], whereas 20 (24%) with advanced
maternal age were observed in the present series. In our
previous study, the mean maternal age of CH fetuses was
28.5 years [28], whereas the mean maternal age was 30.7
years in the present series. From these comparisons, the
maternal age did not change significantly between the two
studies.
In our previous study [28], 60% of cases had chromosomal
abnormalities in 15 fetuses with karyotping. Among the
fetuses with aneuploidy, the major etiology (89%) was 45, X
(Turner syndrome). In the present series, the percentage of
abnormal chromosomes in cases with karyotyping was 55%
(11/20). Among them, Turner syndrome presented the
highest frequency of aneuploidy, up to 73% (8/11). From
these comparisons, the percentage of abnormal karyotyp-
ing did not change significantly between the two studies,
and the most common aneuploidy in fetuses with CH was
Turner syndrome.
In our previous study [28], 11 cases (48%) were compli-
cated with hydrops fetalis, whereas in the present series,
43 cases (51%) were complicated with hydrops fetalis. Inour previous study [28], five cases (22%) were complicated
with other associated abnormalities, including single
umbilical artery, Anasaca syndrome, DandyeWalker mal-
formation, renal cyst, skull defect, midline abdominal wall
defect, micromelia, and micrognathia. In the present
series, 20 cases (24%) were complicated with other abnor-
malities, namely, VSD, endocardial cushion defect, car-
diomegaly, congenital heart disease, echogenic bowels,
omphalocele, club foot, choroid plexus cyst, megacystis,
holoprosencephaly, ventriculomegaly, lower limb anomaly,
single umbilical artery, echogenic intracardiac focus,
neural tube defect, DandyeWalker syndrome, rocker-
bottom feet, spine deformity, and conjoined twins with
thoraco-omphalopagus. From these comparisons, the inci-
dence of hydrops fetalis and associated anomalies did not
change significantly between the two studies.
In conclusion, our present series detected more cases of
CH, together with a higher diagnosis rate in early preg-
nancy, than our previous study in 1995e2000 [28]. In recent
decades, we have engaged in the development of clinical
use of 3D US in fetal medicine [5e26]. In the present series,
we further proved that 3D US can be applied in antenatal
diagnosis of fetal congenital anomaly, such as CH, even in
early pregnancy, and therefore, has substantial advantages
in clinical obstetrics and perinatology.Acknowledgments
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